Biosynthetic pathway of proline was first reported by VoGEL and DAVIS (1) with mutant strains of Escherichia coli, and the formation of proline from glutamic acid was demonstrated.
Existence of this pathway was also found in Neurospora crassa (2) and Torula utilis (3). Later, several works with resting cells (4) and crude enzyme preparations (5-8) revealed the biosynthetic mechanism of proline.
However, direct production of L-proline from sugar and inorganic nitrogen by fermentation has never been reported. Fermentative production of Lproline directly from sugar and inorganic nitrogen will make it possible to obtain L-proline at lower cost and with easier procedure than the conventional one. The present authors screened various microorganisms for this purpose and an isoleucine auxotrophic mutant No. 14-5 of Brevibacterium flavum 2247, a glutamic acid producing strain, was found to produce a very large amount of L-proline in the medium.
The present paper relates to the conditions of L-proline production by the auxotrophic mutant strain, especially the composition of cultural medium, and isolation and identification of L-proline produced.
MATERIALS AND METHODS

Microorganisms
employed. An isoleucine auxotrophic mutant No. 14-5 (ATCC No. 15940), derived from Brevibacterium flavum 2247 (ATCC No. 14067) by UV irradiation, was used throughout this work. Media employed. Various media were employed according to the purpose of the investigation. Such media will be described in their respective places. The typical media are as follows. analyses of amino acids were carried out by paper chromatography using n-butanol-acetic acid-water (4:1:2, by volume) as a solvent.
After being dried and sprayed with ninhydrin (0.2% w/v solution in 95% v/v acetone), proline shows a unique yellow spot at RF 0.42 on the paper.
(e) Quantitative analyses were carried out by mlcrobiological assay. Microorganisms used for the determination of L-proline, L-valine, alanine, and L-glutamic acid were Leuconostoc citrovorum (ATCC 8081), Leuconostoc mesenteroides (ATCC 8042), Leuconostoc citrovo rum (ATCC 8081), Streptococcus faecalis R (ATCC 8043), respectively.
RESULTS
Production of L-proline by an isoleucine auxotrophic mutant No. 14-5 of Brevibacterium flavum 22!7 L-Proline producing microorganisms were screened on a test tube scale from about 500 strains of bacteria (including mutants), fungi, yeast, and Production of L-Proline 221 actinomycetes in the authors' culture collection. A strain which produced 0.77 g/dl of L-proline in the tested screening medium was selected.
This strain named No. 14-5 is an isoleucine auxotrophic mutant ( Fig. 1) , which was derived from Brevibacterium flavum 2247 (ATCC No. 14067) (9), by the mutational treatment (10) with UV irradiation during 4 min.
Effect of L-isoleucine concentration on L-Proline production
No. 14-5 requires L-isoleucine for its growth, as shown in Fig. 1 . This figure indicates the relation between L-isoleucine concentration in the chemically defined medium and the amount of L-proline produced. L-Proline production by No. 14-5 is greatly influenced by the concentration of L-isoleucine, as well known in other amino acids fermentation by auxotrophs.
About 15 mg/dl of L-isoleucine in the cultural medium is the optimum concentration for the maximum production of L-proline.
Composition of medium for L-proline production Using the above-mentioned No. 14-5, composition of the medium favorable for L-proline production was examined.
(a) Effect of carbon sources on L-proline production. Carbon compounds listed in Table 1 were tested to know their availability for proline produc- glucose 10%, (NH4)25O4 2%, KH2PO4 0.1%, MgSO4.7H2O 0.04%, Fe++ 2ppm, Mn++ 2 ppm, biotin 30 ,pg/liter, thiamine hydrochloride 200 tg/liter, CaCO3 5%, pH 7.0. Fermentation was carried out at 31° for 60 hr on a reciprocal shaker. KONISHI, OKUMURA and KATSUYA VOL. 12 tion. As the bulk carbon source for L-proline production, glucose and starch hydrolyzate are the most suitable. Fructose, sucrose, and maltose are utilized for growth, but arabinose, xylose, rhamnose, and mannose are not utilized at all.
(b) Effect of inorganic nitrogen sources on L-proline production. Inorganic nitrogen compounds listed in Table 2 were tested for L-proline production. Concentration of nitrogen content of each salt was equivalent to that of 2/ of (NH4)2S04.
As shown in Table 2 , (N114) 2S04 is the most suitable, as the inorganic Table 1 . Effect of carbohydrate source on L-proline production. nitrogen source for L-proline production, followed by NH4C1 and (NH4) 2HP04. (NH2)2C0 and NH4N03 are utilized, but KN03 is not utilized at all. Table 3 shows the effect of (NH4) 2SO4 concentration on L-proline production, and 3-7% (NH4) 2SO4 seems appropriate.
About 5.5% (NH4) 2SO4, which is in excess of the amount required for microorganism to make cell bodies usually, is the most favorable for the maximum production of L-proline.
(c) Effect of biotin concentration on L-proline production.
This mutant No. 14-5, whose parent is Brevibacterium flavum 2247, i.e., one of glutamic acid producing microorganisms, also requires biotin for its growth and produces glutamic acid at a low concentration of biotin. Numerous investigators have already reported the optimum concentration and function of biotin in glutamic acid production by this type of microorganisms. Table 4 shows that high concentrations of biotin are favorable for L- Table 3 . Effect of (NH4)2SO4 concentration on L-proline production. Table 4 . Effect of biotin concentration on L-proline production. VOL. 12 proline production by No. 14-5, although low concentration of biotin is suitable for extracellular glutamic acid production. At a high concentration of biotin, such as 450 pg/liter, L-proline was produced in a good yield and the amount of L-proline accumulated reached more than 1.1 g/dl.
Isolation from fermentation broth and identification of L-proline
According to the procedure shown in Fig. 2 , the product was isolated from the fermented broth and identified. After separating cells and CaCO3 by centrifugation, the fermented broth was passed through a Diaion SK1 (H-type) column. Elution was carried out with 1.5N NH4OH solution, the eluate was evaporated to dryness, and extracted by shaking with methanol. Picric acid was added to this extract and the mixture set to a mass of proline picrate.
The mixture was chilled for several hours, and filtered. After recrystallization from water, picric acid was removed by adding HC1. The filtrate, which was dechlorinated with Amberlite IR-45 (OH-type) and decolorized with active carbon, was evaporated to dryness and then extracted with hot ethanol or isopropanol.
Crystals were obtained by filtration and chilling.
Elemental analysis of the product gave following values: C, 52.11%; H, 7.82%; N, 12.16/; C5H902N (calcd. C, 52.16%; H, 7.88%; N, 12.17%). The optical rotation was [a]°= -85.1° (c=4, H20). The melting point was 218.5°-219.5°. This product was identified with L-Proline from these data.
DISCUSSION
For the first time, a large amount of L-proline was produced directly from sugar and inorganic nitrogen by fermentation. This fermentation, moreover, is very unique not only in the discovery of such a proline producing microorganism, but also in the mechanism of proline production.
According to the already well-known metabolic pathways, the biosynthetic pathways of proline and isoleucine are quite different, as shown in Fig. 3 .
However, the phenomenon of proline accumulation by this isoleucine auxotrophic mutant No. 14-5 is likely to indicate some interrelation between proline and isoleucine pathways.
Therefore, studies on both L-proline productivity of No. 14-5 and analysis of biochemical relations between proline and isoleucine biosynthesis are interesting subjects for further investigation. Among the chemical components of the medium used, the optimum concentrations of L-isoleucine, (NH4) 2504 and biotin for L-proline production were determined as shown in Fig. 1 , Table 3, and Table 4 , respectively, and, it has been observed that the combination of these components is very important for abundant production of L-proline.
Under a certain combination of various concentrations of these components, proline decreases, while either glutamic acid or alanine and valine accumulate in some cases. Table  5 shows the experimental data of such interrelations. The conclusion drawn from Table 5 is as follows: (i) About 15mg/dl of L-isoleucine is essential for L-proline production.
(ii) At a low concentration of biotin, this mutant, as well as its parent strain, produces L-glutamic acid. On the other hand, high concentration of biotin, such as 450 pg/liter, serves to restrain extracellular glutamic acid production, and to increase proline production, as well as to promote the growth of this microorganism.
High concentration of biotin serves to decrease the loss of carbon and nitrogen available for proline production caused by extracellular production of glutamic acid.
Judging from these facts, the proline biosynthesis in this microorganism is presumed to be proceeded via glutamic acid, as described in Fig. 3. (iii) A high concentration of NH, equivalent to 5.5% of (NH4)2S04 against 10% glucose, is effective for increasing the accumulation of proline itself, as well as decreasing by-product formation of alanine and valine. The requirement of such a high NH4 concentration for L-proline production is a very interesting phenomenon and will be examined in future.
SUMMARY
(1) An isoleucine auxotrophic mutant named No. 14-5 (ATCC No. 15940), derived from Brevibacterium flavum 2247 (ATCC No. 14067), produces a large amount of L-proline directly from sugar and inorganic nitrogen.
(2) The optimum concentration of L-isoleucine for the maximum production of L-proline is about 15 mg/dl.
(3) Glucose and starch hydrolyzate are the most suitable carbon source for L-proline production, and 3-7%, especially 5.5/, of ammonium sulfate is the most favorable as inorganic nitrogen source.
About 450 pg/liter of biotin is necessary for abundant production of L-proline.
Under these conditions, more than 1.2 g/dl of L-proline is able to be produced in the medium from 10% glucose after shaking culture at 31° for 72 hr.
(4) It is observed that the combination of three major chemical components, i.e., L-isoleucine, biotin, and ammonium sulfate, is very important for abundant production of L-proline.
As the role of these components, the following conclusion was obtained.
(i) Some interrelation exists between isoleucine and proline biosynthesis. (ii) High concentration of biotin serves to restrain extracellular glu-tamic acid production and, to increase proline production, as well as to promote the growth of this microorganism.
(iii) High NH4 concentration, equivalent to 5.5% of ammonium sulfate against 10% glucose, is effective for increasing the accumulation of proline itself, as well as for decreasing by-product formation of alanine and valine.
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